A broad range of searches for exotic phenomena has been carried out at the ATLAS experiment at the Large Hadron Collider, using 3.2 fb −1 of pp collisions at √ s = 13 TeV. These searches did not uncover any discrepancies with the Standard Model.
Introduction
The search for phenomena beyond the Standard Model (BSM) is one of the primary motivations for the physics program at the Large Hadron Collider (LHC). The presence of dark matter in the universe and the hierarchy problem provide strong hints that new phenomena should exist. The increase of the LHC energy from 8 to 13 TeV in 2015 greatly extended the capacity of the LHC to produce new particles in pp collisions. In these Proceedings, results from searches for exotic particles using ≈ 3 fb −1 of data collected by ATLAS detector [1] are presented, where 'exotic' means BSM particles outside of the framework of supersymmetry, and also not including BSM Higgs bosons (searches for such particles are reported elsewhere in these proceedings).
Diboson searches
Many new physics models predict the existence of heavy particles that decay into a pair of bosons. Searches for diboson resonances are performed in a variety of final states, and the results are interpreted in the context of several models, including the 'Heavy Vector Triplet' (HVT) formulation of Ref. [2] , which allows translation to a broad set of models.
Hadronic boson tagging
The data from the 2010-2012 run of the LHC indicate that if new resonances that decay to dibosons exist, the masses of these resonances must be much greater than the W/Z boson masses. This means that the W or Z bosons in the final state will tend to be highly boosted in the lab frame, so that hadronic decays of these W s and Zs will tend to result in jets that overlap in the calorimeter. To identify these collimated decays, jets from energy deposits in the calorimeter are reconstructed using the anti-k t algorithm [3] [4] [5] with a radius parameter R of 1.0. If this large jet arises from two separate quarks, the pattern of energy deposition within the jet reflects this. To extract this information, first the jets are 'trimmed' by removing low-p T R = 0.2 subjets within the large jet. A requirement is then placed on the ratio of the energy correlations of the remaining subjets. The jets that satisfy this criterion are considered to be 'W -tagged' ('Z-tagged') if their mass is within 15 GeV of the W (Z) boson mass, and are generically denoted as J. Details of the hadronic boson tagging procedure are available in Refs. [6, 7] . Figure 1 demonstrates the ability of this method to identify hadronically-decaying vector bosons above the QCD background. The mass distribution of large-R jets for events with between 10 and 19 reconstructed tracks associated with the leading jet. In the top panel, light gray (green) is for the W +Z simulation and its signal shape fit and gray (red) is the multi-jet background and a background-only fit. Data is shown in black, with a solid line for the signal plus background fit and a dotted black line which is the background-only component of that fit. The lower panel shows the data and the total fit with the background component of the fit subtracted [8].
Search for W W/W Z/ZZ → qq
The search for hadronically-decaying boson pairs is of special interest since the ATLAS Run 1 data revealed an excess at the 3.5σ level near m JJ = 2 TeV (the corresponding global significance was 2.5σ) [9] . The m JJ distribution for the Run 2 data is shown in figure 2 [8] . No excess appears near 2 TeV, but more data is required before conclusions can be drawn. 
Search for ZZ/W Z → qq
The diboson final state with a Z boson decaying leptonically and a W or Z boson decaying hadronically has also been investigated [10] . The W boson is identified via a tagged jet, while the lepton pair is required to satisfy 83 GeV < m ee < 99 GeV or 66 GeV < m µ ± µ ∓ < 116 GeV, with the differences reflecting the better mass resolution in the electron channel and the fact that there is a non-negligible probability for the charge of an electron to be mismeasured. The J mass distributions are shown in figure 3 . Good agreement is found between the data and the background expectation; the resulting limit in the context of the HVT model is shown in figure 4 . 
Search for W W/W Z → νqq
Complementary to the ZZ/W Z search described above, this search explores the case where one W boson decays leptonically and the other boson in the event decays hadronically [11] . The invariant mass of the diboson system is computed by using the W mass constraint to solve for the p z of the neutrino (with the solution with the smaller |p z | value being taken). The νJ mass distributions in the W W and W Z signal regions are shown in figure 5 . Good agreement is found between the data and the background expectation; the resulting limit in the context of the HVT model and a Graviton model are shown in figure 6. 
Search for W Z/ZZ → ννqq
The final search for anomalous production of vector boson pairs considers the case where a Z boson decays to νν, while the other boson in the event decays hadronically [12] . The signature in this case is a single R = 1.0 jet recoiling against substantial missing transverse momentum, and the distribution of the transverse mass formed from the missing transverse momentum and the jet is compared to the SM expectation. The results for the W Z and ZZ signal regions are shown in figure 7 . As with the other diboson searches, good agreement with the SM expectation is observed. The resulting limits in the context of the HVT model are shown in figure 8. 
Search for
Another variant of the search for a resonance decaying to a pair of bosons covers the case where one of the bosons is a W or Z and the other is a Higgs [13] . The Higgs boson is sought using its bb decay, while all leptonic decays of the vector boson are considered. This leads to three distinct final state signatures (ννbb, νbb, and bb). In addition, events with one and two b-tagged jets are treated separately to maximize the sensitivity of the search. For the ννbb channel, the distribution of the transverse mass of the jets and missing transverse momentum are compared to the SM expectation; for the other channels, the invariant mass of the diboson system is compared. The results are shown in figure 9 , with no significant excess in data observed.
Search for dark matter produced in association with a W/Z boson
The existence of dark matter (DM) provides one of the strongest motivations for searches for exotic particles at the LHC. If the DM particle (called χ) is produced in association with a W or Z boson that decays hadronically, the resulting signature will be a boson-tagged jet recoiling against large missing transverse momentum. A search for this signature has been performed, where the missing transverse momentum of the selected events is compared to the expectation from the SM [14] . This comparison, shown in figure 10, reveals no significant discrepancy. The result is 
Searches in the dijet final state
Any new particle that can be created at the LHC must couple to quarks or gluons, and, therefore, searches using the dijet final state have broad sensitivity to new physics. Two variables are used for these searches [15]: (i) the dijet invariant mass m jj which is sensitive to new particles in the s-channel, and (ii) χ ≡ exp(|y 1 − y 2 |), where y 1 and y 2 are the rapidities of the jets, which is sensitive to new particles in the t-channel. The m jj distribution is shown in figure 11 (left) , and the resulting limits on the cross section for a generic Gaussian dijet resonance are shown in figure 11 (right). The distributions of the χ variable, in different m jj regions, are shown in figure 12 . In all cases, good agreement with the SM expectation is observed. 
Multijet search
In some models of strong gravity, exotic objects such as black holes or string balls can be produced at the LHC. These decay by radiating a number of quarks or gluons, resulting in a final state with many jets with large H T (defined as the scalar sum of the jet transverse momenta). Events with at least 3 jets with H T > 1 TeV are selected [16] , and the H T distribution is compared to the SM expectation, as shown in figure 13 (left) . No evidence for strong gravity effects is observed, and the resulting limits on black hole properties are shown in figure 13 (right). 
Searches with leptonic final states
The final set of searches reported here are those that look for new phenomena in fully leptonic final states. A typical model to which these searches are sensitive is that of a new heavy vector boson, but in some cases, the searches are sensitive to non-resonant (i.e. t-channel) effects as well.
Search for W → ν
A search for W → ν is carried out in both the electron and muon channels [17] . The observed distribution of the transverse mass of the lepton and neutrino is compared to the expectation from SM processes. Good agreement is observed, as shown in figure 14 . The resulting limits on the cross section times branching ratio for a W boson as a function of mass are shown in figure 15. 
Search in the + − channel
The + − invariant mass distribution could deviate from the SM expectation due either to the presence of a Z resonance, or the presence of new non-resonant couplings. A search for these effects was performed in both the electron and muon channels, with the M + − distributions compared to the SM prediction, as shown in figure 16 [18] . No significant deviations are observed, and the resulting limits on the cross section times branching ratio for a Z boson as a function of mass are shown in figure 17. 
Search in the eµ final state
The eµ final state is particularly sensitive to new physics due to having smaller SM background than the ee or µµ final states. In addition, any resonance observed in this channel would be especially interesting since its decay must violate lepton flavor conservation. A search for such resonance was carried out by comparing the eµ invariant mass distribution to the SM expectation [19] . Good agreement is observed, and the resulting limits on the cross section times branching ratio for a lepton-flavor-violating Z as a function of the Z mass are shown in figure 18. 
Summary
A broad range of searches for exotic phenomena has been carried out using 3.2 fb −1 of pp collisions at √ s = 13 TeV recorded by the ATLAS experiment at the LHC. No evidence of new physics was revealed in these searches, but in 2016 it is expected that ≈ 30 fb −1 will be recorded, substantially enhancing the sensitivity to new phenomena. 
